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ABSTRACT

Stormwater Monitoring and Resident
Behavior in a Semi-arid Region

by

Jennifer A. Abraham, Master of Science
Utah State University, 2010

Major Professor: Dr. Michael E. Dietz
Department: Environment and Society

The combined effect of land-use alterations and introduced diffuse
anthropogenic pollutants to the earth’s surface in suburban/urban zones often sparks a
decrease in stormwater quality in the area, and contributes to nonpoint source pollution
in receiving waters. The ponds at the Utah Botanical Center (UBC) located in Kaysville,
UT, regularly experience algal blooms, which in turn cause low dissolved oxygen levels in
the waters, indicating high concentrations of inflowing pollutants. The goal of this thesis
paper was to describe the findings from the water quality monitoring implemented at
both the inlet and outlet sites of the UBC ponds in order to assess pollutant loading to
the ponds. A survey was mailed to the homeowners in the drainage area with the
intention of gaining a baseline understanding of residents’ perceptions of stormwater
issues, and their lawn care practices that might influence stormwater quality. Results
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from the weekly monitoring found that the TN, TP and TSS levels were all below
respective medians reported for urban areas around the United States. Baseflow
separation calculations revealed that 47% of inflow was due to precipitation falling onto
the watershed and therefore 53% of inflow was a product of non-stormflow. With only
47% of the inflow coming from local runoff, potential effectiveness of educational
efforts was considered minimal.
Survey results reported that 86% of respondents had never received educational
materials regarding stormwater. Second, fertilizer is used by 92.3% of respondents and
in most cases, homeowners perform more than one application per year. Of the
respondents, 98.1% of them believed that individual residents had an impact (positive
or negative) on the quality of water resources in the area. No significant association was
found between the education component of the survey and whether participants
undertook certain stormwater-related behaviors.
(98 pages)
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INTRODUCTION

Utah is ranked in the top ten of the most urbanized states in the nation, with
88% of Utahans living in urban areas in 2005. Davis County, the 3rd most populated
county in Utah (census.gov), will continue to urbanize rapidly with a projected
population density of over 3000 persons per square mile: 449,000 people on 149 square
miles of developable land (Allred 2005). The combined effect of land-use alterations and
introduced diffuse anthropogenic pollutants to the earth’s surface in these types of
developing suburban/urban zones often sparks a decrease in stormwater quality in the
area, and contributes to nonpoint source pollution in receiving waters. In order to
support properly functioning ecosystems, residents of developed watersheds can help
sustain a healthy hydrological cycle in the long-term by adopting pro-environmental
stormwater-related behaviors.
To reduce adverse impacts to water quality and aquatic habitat in the state, the
Utah Department of Environmental Quality has, in many areas, applied “Phase II” of the
Environmental Protection Agency’s stormwater program. Under this program, National
Pollutant Discharge Elimination System (NPDES) permit holders for small Municipal
Separate Stormwater Sewer System (MS4s) in urban areas are minimally required to
practice the following six control measures: public education and outreach; public
participation and involvement; illicit discharge detection and elimination; construction
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site runoff control; post-construction runoff control; and pollution prevention/good
housekeeping (US EPA 2005).
It is worth noting that public education and outreach is required because the
EPA believes it will ensure greater support and compliance for the stormwater program
from the public. For this particular control measure, permit holders must:
1. Implement a public education program to distribute educational materials to the
community, or conduct equivalent outreach activities about the impacts of
stormwater discharges on local water bodies and the steps that can be taken to
reduce stormwater pollution; and
2. Determine the appropriate best management practices (BMPs) and measureable
goals for this minimum control measure (US EPA 2005)
The EPA’s definition of urban areas is as such: “a land area comprising one or
more places - central place(s) – and the adjacent densely settled surrounding area –
urban fringe – that together have a residential population of at least 50,000 and an
overall population density of at least 1,000 people per square mile” (US EPA 2005). By
definition, the majority of cities within Davis County are considered urban areas (Fig. 1).
Therefore, the state is minimally required to implement Phase II of the stormwater
program for these MS4s.
Residents of the developing suburban/urban watersheds have the ability to
reduce, as best as they can, the chemical threats they introduce to their landscape.
Common household chemical pollutants (oil, fertilizer, pesticides, and pet waste) are a

3

Fig. 1. Urban areas in Utah as classified by USEPA stormwater program.
threat because they are diffuse, widespread and can have a significant impact on water
quality in the context of their aggregate effects. As natural buffers are uprooted and
paved over in these developing areas, the environmental factors that are at work hasten
and intensify every negative impact that can potentially lead to a decrease in water
quality for that area.
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Two core questions are driving the research for this project:
1. Are the detention ponds in Kaysville City, Utah, performing the function of
reducing pollutant load discharges from the increasingly urban landscape in the
area?
2. What type of outreach can be done to help minimize the amount pollutants
currently entering the Kaysville City detention ponds?
The main objectives for this project that will help answer these questions are:


Collect baseline pollutant data from a drainage pond in the Kaysville City area



Collect baseline information on the Kaysville City residents’ stormwater-related
behavior and how they perceive the issue of stormwater



Determine if there is a significant relationship between residents who had
previously received stormwater education materials and their subsequent
behaviors
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REVIEW OF LITERATURE
Stormwater Hydrology
When precipitation reaches the ground, it can flow in one of four paths. It can
contribute to shallow groundwater storm flow, it can percolate through soils and flow to
groundwater, it can fall directly into bodies of water, or it can flow overland
(Hornberger et al. 1998). Apart from the characteristics of a precipitation event
(intensity, duration and distribution), there are site-specific factors that affect rainfall
infiltration rates: watershed size, topography, geology, soils, vegetation, and humanimpacts (Cornell University 1997). If the process of infiltration occurs, then water will
enter the soil and percolate down to the shallow groundwater layer, where it can flow
water bodies. Some shallow groundwater can also infiltrate further to deeper
groundwater.
When the process of infiltration does not occur, precipitation flows overland.
Infiltration-excess overland flow develops when the precipitation rate exceeds the
infiltration rate of a soil. When precipitation falls on temporarily or permanently
saturated areas with no capacity for water to infiltrate, the process of saturation-excess
flow occurs (Hornberger et al. 1998). This especially a concern for construction sites as
the disturbance of soils during development leads to compaction, reducing the
infiltration capacity of soils even further. In addition, the disruption of land and water
may lead to an increase in erosion and deposition due to urban development at the
watershed level (Brabec et al. 2002).
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The percolation of water into the soil and hence to groundwater layers, is greatly
affected in urban areas, by established anthropogenic infrastructures that blanket
landscapes. Under these circumstances, infiltration is greatly reduced, and precipitation
can no longer percolate into pervious grounds or slowly find its way to streams and
aquifers via groundwater. Instead it lands on rooftops, roads, parking lots, and other
impervious surfaces where it may gather diffuse anthropogenic pollutants and flow
overland directly to adjacent stormwater collection systems where in most cases, it exits
untreated into local water bodies.
Ultimately, urbanization can cause an increase in stormflow and a sizeable
decrease in baseflow. This affects the self-purification and reoxygenation of water as it
is critically disturbed in the urban environment. Downstream channels are also affected
as they are typically deeper, wider and incised from an increase in stormflow during
precipitation events. Riparian zones, riffles and pools, and other biological and
morphological features that typify undisturbed channels diminish in the urban stream
system as the frequency of floods increases (Stephenson 1981).
Stormwater and Land-Use Changes
The degree of the negative effects of stormwater pollution is reliant upon the
land disturbance/activity, which ultimately is a function of the phase of the urbanization
process in the area (Dennison 1996). Human manipulations of ecosystems cause
significant change in landscape properties and processes.

7
First, new residential plots possess freshly exposed soils, which are prone to
erosion. The removal of native root systems and soil strata substantially reduces the
soil’s ability to retain its shape and avoid disintegration. Once disrupted, natural soil
profiles gradually erode and are carried and deposited downstream by runoff waters.
Furthermore, soil columns exhibit loss of water storage capacity. This occurs due to
slope alteration, soil compaction or the stripping of vegetation during the course of
construction. Soil compaction from heavy equipment, motorized vehicles and trampling
can cause a crust to form on once pervious surfaces. This can lead to poor infiltration
even in areas with turf cover.
Second, the removal of native vegetation is a concern for stormwater
management. The removal of mature forest cover can result in significant changes to
urban stream flow regimes and, in turn, to the physical stability of the stream channels
(Booth et al. 2002).
Lastly, with the development of urban areas and residential zones there is a
proliferation in turfgrass land cover type. Although relatively pervious, landowners often
use fertilizers on their turfgrass, which contain nutrients like phosphorus and nitrogen
that contribute to water quality impairment in the surface waters of the USA (Vitousek
1997; USGS 1999).
Apart from demanding high impervious surface coverage for operations,
industrial zones often produce pollutants specific to certain large-scale activities. In
some instances, pollution may originate from unpermitted discharges or spills.
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Improperly dumped materials may also increase the pollutant loads discharged into the
storm system (Stephenson 1981).
Stormwater Quality
Impacts of urbanization on water quality have been observed in many research
endeavors. Urban watershed case studies have shown that streams possess increased
levels of phosphorus (Novotny 1991; Soranno et al. 1996; May et al. 1997), nitrogen
(Lenat & Crawford, 1994; Novotny & Olem 1994; McMahon & Harned 1998; Basnyat et
al. 2000), total suspended solids (Novotny 1991; May et al. 1997; McMahon & Harned
1998), biochemical oxygen demand (Fitzpatrick 1995), metals (Lenat & Crawford 1994;
Fitzpatrick 1995; Mumley 1995; May et al. 1997; Bhaduri et al. 2000;), oil and grease
(Fitzpatrick 1995), and fecal coliform bacteria (Schueler 1994; Duda et al. 1998; Schueler
1994).
Researchers in Wisconsin collected rainfall runoff at five different land-use types:
parking lots, roofs, driveways, lawns and streets. The researchers tested for numerous
substances, among them were total phosphorus, total solids and several metals. Results
indicated that streets were “critical source areas” for most contaminants in each type of
land-use tested (Bannerman et al. 1993).
Thresholds of aquatic system degradation have been found to “yield
demonstrable and probably irreversible, loss of aquatic system function” at 10%
impervious surface area in a watershed (Booth & Reinelt 1997). Other investigations
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into this phenomenon have found that at 30% imperviousness, degradation becomes
severe and virtually inescapable (Arnold & Gibbons 1996).
Eutrophication is a common indicator of aquatic degradation. The process of
eutrophication occurs when an increase in nutrients, such as nitrogen and phosphorus,
enter an ecosystem and increase primary productivity, which in turn causes algae to
bloom at increased rates. The combination of increased impervious surface areas and
heightened concentrations of chemicals in urban zones create a wash of unfiltered
substances that will enter neighboring water systems during precipitation events. These
chemicals increase the biological production in water bodies, and as the excess algae
die, their decomposition depletes the water body of dissolved oxygen. The depletion of
oxygen, also referred to as hypoxia, can cause fish to suffocate furthermore, hypoxic
water and sediment in a pond can cause chemical reactions that release pollutants
stored in the sediments (Ecological Society of America n.d.).
Education and Behavioral Change
Early models of environmental behavior often assumed that knowledge and
attitude changes would lead to behavior change in a linear fashion. Today, this model is
understood to be comprised of a complex network of factors. For example, Kollmuss
and Ageyman’s (2002) model of pro-environmental behavior proposes internal and
external constructs, where prolonged educational efforts lead to more extensive
understanding of an issue. However, the extent of the knowledge did not necessarily
determine the behavioral outcome. Kollmuss and Ageyman also mention German
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researchers Fietkau and Kessel and state that in the German researchers’ study, they
found that knowledge and pro-environmental behavior were not directly linked; rather
the researchers concluded that both sociological and psychological forces were at work
in their model of pro-environmental behavior. Hines et al. (1987), in their meta-analysis
of 128 pro-environmental research studies, found knowledge of issues to be one
component of a group of critical variables associated with pro-environmental behavior.
It is important to inform individuals but the manner by which they are informed can
encourage stronger behavior development. In their synopsis, Hungerford and Volk
(1990) identified six critical education components that can be taught by both formal
and informal institutions if behavior change is desired. They are:
1. Teach environmentally significant ecological concepts and the environmental
interrelationships that exist within and between concepts;
2. Provide carefully designed and in-depth opportunities for learners to achieve
some level of environmental sensitivity that will promote a desire to behave in
appropriate ways;
3. Provide a curriculum that will result in an in-depth knowledge of issues;
4. Provide a curriculum, that will teach learners the skills of issue analysis and
investigation as well as provide the time needed for the application of these
skills;
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5. Provide a curriculum that will teach learners the citizenship skills needed for
issue remediation as well as the time needed for the application of these skills;
and
6. Provide an instructional setting that increases learners’ expectancy of
reinforcement for acting in responsible ways, i.e., attempt to develop an internal
focus of control in learners (Hungerford and Volk 1990)
Although science has proven that behavioral change is not wholly reliant upon
one’s understanding of an issue, knowledge has been attributed to environmental
awareness in several studies. Flamm’s (2009) transportation research demonstrated a
significant relationship between environmental knowledge and environmental attitude.
Greater knowledge concerning emissions was significantly related to the fuel efficiency
of household vehicles. However, environmental knowledge was not associated with
certain behaviors such as ownership of fewer vehicles, less driving or lower fuel
consumption.
Environmental knowledge may not be the sole and direct link to activating a
target behavior. However, in order for an individual to achieve a target behavior, the
individual needs to know what possible and different courses of action can occur in
specific environments. In this way, environmental knowledge may at least facilitate
other mechanisms that ultimately help the individual achieve the desired behavior
change (Frick et al. 2004).
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Residential Behavioral Aspects and
Stormwater Issues
Several outdoor actions household members may undertake on a regular basis
are potentially damaging to a watershed. At-home car washing, specifically in one’s
driveway or street, produces a substantial amount of water in a short period of time
that can carry detergent chemicals, toxic metals, oils, brake dust, and grease into nearby
storm drains. Washing the car on a grass lawn allows the grass to act as a filter to
minimize pollutant concentrations eventually entering local water bodies.
The installation and drainage of roof gutter downspouts is important to address
as they function to redirect water during precipitation events and snowmelt.
Downspouts that drain to pervious surfaces, such as a rain garden, grass lawn or rain
barrels, avoid direct runoff into the storm drain system, reduce flooding, prevent
erosion in streams, and can keep sewers from backing up.
When finished cutting the grass, household members may let grass clippings get
into storm drains and avoid putting the clippings in trash. Grass cycling is another option
where clippings are left on the lawn to decay. This practice actually provides nutrients to
a lawn and reduces the need to buy and use fertilizer. It also reduces the need to water
a lawn (Calrecycle 2003).
Fertilizer application can affect the growth of flora downstream and contribute
to algal blooms that can lead to fish kills. When fertilizer is improperly applied (spread in
impervious surfaces, applied before rain event, or applied when unnecessary) the
likelihood of downstream damage is increased. A soil test should be used to gauge
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whether fertilizer is even needed on a lawn. Pesticide application can also potentially
disrupt the flora and fauna downstream. Toxic traces of organophosphate (OP) can be
found in runoff and receiving waters where it harms micro-invertebrates and the overall
function of underlying ecosystems. The USEPA estimates that nonagricultural OP type
pesticide application results in roughly 17,000,000 pounds per year (Lee 2001).
When left on the street or lawn to decompose, animal waste poses a microbial
threat to receiving waters. Two studies revealed that 95% of the fecal coliform bacteria
found in urban stormwater were of non-human origin (Alderiso et al. 1996; Trial et al.
1993). The bacteria can harm humans, other animals and spread disease. The best way
to prevent negative impacts to local water bodies from fecal coliform would be to throw
the pet waste into the toilet or trash.

State Reports
State and federal governments gain valuable knowledge by surveying groups
concerning their awareness level of stormwater issues specific to certain landscapes or
demographics. Baseline or benchmark data, both social and ecological, can help guide
future education efforts and save money in the long-term. Several stormwater program
reports provide insight on how institutions measure how conscious individuals are of
their daily stormwater impacts.
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Oregon
The “Healthy Streams Plan” is a multiyear effort to protect and improve Tualatin
basin in Oregon. In keeping with this goal, Riley Research Associates was asked to
conduct a telephone survey regarding public values and water quality. One of the main
objectives of the survey was to examine popular incentives and barriers to proper
stormwater related behavior (Riley Research Associates 2002). The 430 interviewed
Washington County residents were initially divided into two sample groups: random
watershed residents and pre-qualified residents who inhabited streamsides in the
watershed. Additionally, several facilitated discussions took place with business,
organization leaders and other groups.
Research topics focused on personal values, threat perception, incentives for
water quality improvement and lawncare practices. The main conclusions from the
study were that both sample populations believed that clean drinking water was a
priority and generally agreed on most value-laden questions. Researchers also found
that there was a large gap between what residents believed were threats to water
quality and what actual threats exist in the watershed. The authors also pointed out that
“mailing information to residents” was one of the least popular methods chosen to
promote water quality in the basin. In terms of barriers to pro-environmental behavior,
residents blamed drive-thru car washing fees for washing their vehicles at home but
were stated that they would be willing to pay for water quality improvements in the
area. Of those residents who used chemicals to maintain a healthy looking lawn (over
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half the sample), most said they used chemicals because the practice was easy to use or
the most effective method for obtaining desired results. Finally, a prominent theme
continued to find its way in responses; money-saving deals would help the public
become more environmentally friendly (Riley Research Associates 2002).
North Carolina
A 31-item phone survey was conducted in North Carolina in 2005. The survey
measured awareness, perceptions, and behaviors related to stormwater runoff of 1,000
participants. Respondents of the survey were divided based on dwelling area: urban,
rural and suburban groups.
Much like the Riley research study, there was a misconception as to who or what
was the greatest contributor to poor water quality; the majority of respondents thought
that trash from recreational users of the water and industrial waste were the most
significant threats to their watershed. Most of the respondents did not know that
stormwater is untreated and finds its way directly into local water bodies (Bartlett
2005).
Of the respondents who fertilized their lawn (slightly less than half of sample),
the majority did not use a soil test to gauge how much fertilizer they actually needed.
Grass clippings were typically left on respondents’ lawn and most individuals wash their
car at home. Specific behaviors were predictable when looking at the rural versus
urban/suburban responses. Those who lived in rural areas were less likely to pick up pet
waste and less likely to wash their car on impervious surfaces.
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The authors of this study recommend using newspaper and radio to reach
residents. Similar to the Oregon study, the findings do not support mailing stormwater
information to residents. The authors noted that residents already get too much in the
mail and a stormwater information brochure would be disregarded or quickly discarded
with “junk mail.” A second notable fact found by the researchers was that residents of
urban areas were not distinctively more educated concerning stormwater in comparison
to suburban and rural dwellings, although urban audiences should be more likely to
receive information from permit holders under EPA stormwater program (Bartlett
2005).
Utah
Two hundred and thirteen residents of Summit County in and around Park City
Utah, were randomly telephoned (using random digit dialing) and successfully
interviewed. The focus of the study was for researchers to gain knowledge of the
residents’ current lawncare habits, gauge their awareness of the County disposal facility,
measure environmental concerns and get a baseline measure of residents’ knowledge of
stormwater-related issues.
In this study, most respondents did not wash their vehicle at home. Twenty
percent of respondents did not have a lawn and of those who did, most applied their
own fertilizer and mowed their own lawn. Respondents who changed their own oil
(25%), typically brought their used oil to a designated facility. Less than half of the
contacted respondents actually use the recycling facility. This particular finding
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prompted researchers to suggest increased advertising of the county facility (Dan Jones
& Associates 2006). Roughly 75% of respondents were “very” or “somewhat aware” of
local environmental concerns surrounding water quality. A third of respondents
believed that stormwater goes to a treatment plant and the majority of respondents did
not know whether stormwater was treated. Most respondents claimed that given the
tools they would attempt to improve the negative impacts they may have on water
quality. Finally, much like the North Carolina study, the interviewees stated that they
get most of their water quality information from newspapers and the radio (Dan Jones
& Associates 2006).
Academic Research
Although the number of studies focusing on stormwater management and
resident behavior is limited, a few case studies exist. In one study, investigators
performed a longitudinal 4-stage study of “community catchment management of
stormwater” in four Australian cities. Coupled with neighborhood mapping, the 840
respondents were asked whether they acted pro-environmentally in order to reduce
stormwater pollutants. Two thirds of the respondents reported that they did not
undertake any activities to assist with stormwater management (Syme et al. 2002).
Several hypotheses from the study were supported. First, location and
geographic context were predictors of perceived environmental responsibility. The
authors stated the importance of adding a spatial dimension to environment-behavior
research. The second supported hypothesis was that individuals who felt greater moral
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responsibility and who had attained a higher level of education would often take
responsibility for areas outside of their local neighborhood (Syme et al. 2002).
A second study that explores the residential behavior and water quality
relationship took place in the Chesapeake Bay area. A survey was administered to 733
adults to measure attitudes and behaviors toward lawncare practices (involving
nutrients), and pet waste disposal among other variables. Results indicated that the
residents were split as to who fertilized; 50 % said “Yes” and 50% said “No/I don’t
know.” Of those who did fertilize, they generally fertilized during the spring season,
which was not recommended in the education outreach programs in that area. A total
of 41% of respondents owned a dog, and of those respondents, 56% personally walked
their dogs. Of those dog owners who walked their own dog, 34% answered that they
“rarely” or “never” picked up their dog’s wastes or decided not to answer the question.
The authors’ recommendations from this report were that nutrient education programs
need to link storm drain-water quality to an undesired experience in the surrounding
area’s watershed. This technique is known to shift behavior in many watershed
campaigns (Groffman et al. 2004).
Lastly, in another effort to observe residential watershed-related behavior,
researchers in Waterford, Connecticut, conducted a paired watershed approach: one
watershed was used as a control and the other as a treatment for the study. Educational
on nonpoint source pollution seminars were given to volunteer attendees on several
occasions within a residential neighborhood in order to determine whether the
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campaigns would impact behavior and ultimately the quality of runoff (Dietz et al.
2004). Both the treatment and control neighborhoods were surveyed concerning their
best management practices (BMPs) before the educational outreach implementation
and the treatment group was surveyed after the outreach. The researchers stated that
there was a significant increase in BMPs adopted overall and the runoff quality had
improved somewhat in the treatment neighborhood, but measured resident behaviors
did not change significantly (Dietz et al. 2004).
In summary, impervious surfaces prevent the percolation of water and
encourage runoff. The stormwater runoff gathers diffuse man-made pollutants and
untreated, runoff makes its way to local water bodies at increased rates. A common
indicator of stormwater degradation is eutrophication. Education efforts on
eutrophication and other related concepts have not been shown to be the sole
determinant of behavioral change. The knowledge-behavior relationship is complex and
multifaceted, and Hungerford and Volk (1990) suggested that if behavior change is
desired by way of education then, in-depth and extensive education efforts should be
undertaken.
Recommendations from the studies for improving stormwater-related behavior
by watershed residents were to shift behaviors by tying nutrient knowledge to an
undesired experience. Other findings that researchers found to be effective for
improving water quality were to create structural modifications to a watershed, to make
environmentally beneficial home care practices convenient and inexpensive, and to
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provide educational materials concerning stormwater to people by either newspaper or
radio advertising. These advertisements should focus on the effects of NPS pollution
created by residential areas to dispel any confusion regarding the major contributors to
water quality degradation.
Not all of the above described stormwater research took place in the
urban/suburban setting, however, the USEPA’s Phase II stormwater program goals focus
on the urban area, and this will be the scope of the research of this paper. Urban areas
have been recognized as major contributors to nonpoint source pollution (US EPA 2002)
and the local ponds at the Utah Botanical Center (UBC) in Kaysville, Utah are
representative of this reality.
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METHODS

Area of Study
Kaysville City is located in Davis County in northern Utah. In 2005, the Davis
County Department of Community and Economic Development calculated the
population of the city to be 23,240 with a projected population of 40, 377 by 2050
(Allred 2005). Latest estimates state that males make up 47.6% of the population and
females make up 53.4%. The median age in Davis County is 27.5 years and 15.3% of the
population is between the age of 35-44, those who are 45-54 years old make up 13.1%
of the population, and 12.1% of the population is between the ages of 25-34. The most
popular answer for education attainment is a bachelor’s degree (28.8%), followed by
some college but no degree (24.7%), a high school degree (19.1%) and a graduate
degree (11.7%). The ethnic distribution in Davis County is 97.8% Caucasian, 12.3%
Black, 0.8% American Indian, 4.4% Asian, 0.1% Pacific Islander, 15.1% Latino and 5.8% of
the population is considered “Other” according to the American Community Survey
Census 3-year estimates for 2006-2008 (U.S. Census Bureau 2009). Davis County’s
population grew by 19.3% between 2000 and 2006 (Davis County Government 2007)
and continues to grow like much of northern and central Utah. Historically, land has
been converted from farm field into residential neighborhoods. Residential building
permits have also risen in recent years (Table 1).
The watershed in this study is a developed residential portion of Kaysville City
(300.15 ha) that drains into detention ponds located at the UBC (Fig. 2). In the spring
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Table 1 New residential building permits in Davis County (Allred 2005)
Year
1999
2000
2001
2002
New Residential Building
2,294
1,832
2,571
2,564
Permits

2003
2,867

Fig. 2. Study area watershed delineation, Kaysville, Davis County, Utah.
and summer months, it is commonplace for the ponds at the UBC to develop algal
blooms through the process of eutrophication. These blooms interfere with the
biological functioning as well as the recreational opportunities at the ponds. Land-use in
the Kaysville area is classified mainly as “Developed Low Intensity.” The land-use type
that is least present in the watershed is “Cultivated Crops” (Fig. 3).
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Fig. 3. Distribution of land-use types in the watershed.
The “Developed High Intensity” and impervious areas are located on the eastern
end of the watershed, closer to the detention ponds (Figs. 4 & 5). “Developed High
Intensity” areas have 80-100% of impervious surface coverage and “Developed Low
Intensity” areas have 20-49% impervious cover (for complete land cover class definitions
see Appendix A). Based on the reviewed literature, the Kaysville watershed has
undergone loss of aquatic function with a total watershed impervious land area making
up roughly 80% of the watershed (Arnold & Gibbons 1996).
Water Quality Monitoring
Stormwater monitoring equipment was installed at both the inlet and outlet of
the UBC ponds. The inflow monitoring station consisted of a solar panel and 12-volt
battery powered Campbell Scientific CR850 datalogger and a pressure transducer to
measure water depth. Total inflow of the ponds was measured using a pressure
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Fig. 4. Spatial distribution of land-use types in the watershed (USGS 2008).
transducer installed in a stilling well adjacent to a 90° V-notch weir. Flow was calculated
from the average measured depth at 10-minute intervals, using a standard weir
equation. Water temperature was also measured. Inlet water quality sampling was
conducted using an ISCO GLS compact sampler. To measure outflow from the ponds, a
self-contained pressure transducer/datalogger (In-Situ, LevelTroll 500) was installed in a
stilling well adjacent to an existing 90° V-notch weir located at the outlet of the ponds.
Both the inlet and outlet datalogger stage height were calibrated weekly using a staff
gauge.
Weekly inflow samples were collected using a flow-weighted composite
sampling regime. A weekly grab sample was also collected at the outlet weir. All TN and
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Fig. 5. High-low impervious surface coverage in the watershed (USGS 2008).
TP samples collected were put on ice and shipped to the University of Connecticut’s
Center for Environmental Sciences and Engineering laboratory via mail to be analyzed.
TSS samples were analyzed at Utah State’s Analytical laboratory. Oil and grease samples
were taken periodically at the inlet by grab sampling and sent to American West
Analytical Laboratory in South Salt Lake City, Utah. Precipitation was measured at the
southern end of the ponds (roughly 730 meters from the inlet) using a tipping bucket
rain gauge and recorded in 30-minute intervals using a Campbell Scientific CR-10
datalogger.
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Residential Survey
Addresses for all homes in the watershed of the ponds were obtained from the
City of Kaysville. Approximately 1200 residents of the drainage area (Fig. 2) were sent a
24-item survey via mail to be answered by one head of household. With the hope of
increasing the response rate, an incentive was offered to those who completed the
survey, where they would be entered into a drawing for one of three $100 gift
certificates to a local business of their choice. Survey questions focused mainly on
outdoor household management practices. Specific questions concerning pet waste and
oil disposal, fertilization applications, and car washing practices, were included in survey
to get an idea of the types of pollutants that may be present in the watershed.
Questions were also included to address the respondent’s perception of existing water
quality in their surrounding area, the value they place on the water resources in their
area and whether or not they believe that their actions affect the water quality in the
area (Appendix B).
PASW Statistical Software (version 18) was used for analysis of survey data. Chisquare analysis was performed to determine associations between those individuals
who have received stormwater education, and household lawncare behaviors that
either group conducted. A Mann-Whitney U test was performed to analyze ordinal,
Likert-type variables using education as the categorical dependent variable. This nonparametric test was used because it is robust and fit the level of measurements that
were used in the survey.
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Microsoft Excel was used to store weekly flow rates, precipitation, and water
quality data collected at the inlet and outlet stations at the ponds. Average annual
watershed nutrient exports and overall inflow and outflow of water in the ponds were
calculated over time.
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RESULTS/DISCUSSION
Water Quantity
Total precipitation recorded by the rain gauge for the study period was 475.23
mm. There were 78 precipitation events recorded by the rain gauge throughout the
study period. The tipping bucket rain gauge had some limitations since it was not a
heated gauge. It is possible that snow or ice buildup prevented precipitation from being
recorded. In addition, extreme weather such as heavy winds and/or rains can affect the
accuracy of the precipitation measurements. A Utah State University field station
located in Farmington (a city that shares a boundary with Kaysville City) reported a 30year average of 590.80 mm of precipitation for the years of 1971-2000 (NCDC 2006).
Flow measurements were collected from June 20, 2008 to July 29, 2009 (Fig. 6).
After several weeks of collection, a diurnal trend in flow was found at the pond inlet
(Fig. 7). During periods of no precipitation, the stormflow would peak daily between
1:00 a.m. and 3:00 a.m., and the lowest stormwater flows for the day at the inlet
occurred between 1:00 p.m. and 3:00 p.m. This pattern was typical between the months
of June and October, 2008. Interestingly, the diurnal water level fluctuation appeared to
be correlated with water temperature. This relationship existed in the summer months
and in the fall. It is also reasonable to assume that irrigation patterns throughout the
summer months, especially when residents are encouraged to irrigate at night,
contribute to this diurnal pattern. However, no conclusive answer to this pattern was
found.
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Fig. 6. Daily flow and precipitation.
During the precipitation events, there was an observable increase in stormflow
at the inlet. Stormflow measurements may have been disrupted at the inlet, during
extreme rainfall events, due to water backing up and overflowing upstream of the
gauging station. However, these events were very rare, and would likely have little
effect on the yearlong averages. Calculations revealed that 47% of inflow was due to
precipitation falling on the watershed and therefore 53% of inflow was a product of
non-stormflow.
There were seven recorded instances when outflow was not measured (due to
technical difficulties with the outlet station) at the ponds. Yet outflow that was collected
exceeded inflow: Total outflow (1,172,420, 846.96 L) was substantially higher than
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Fig. 7. Water discharge at inlet, June 20 - June 27 2008.
inflow (812,121,542.66 L) for the study period. There are several potential causes for
this finding. First, the second inlet at the ponds that was not measured. This second inlet
drains roughly 28.3 hectares of a residential area with an estimated impervious area
coverage of 30%. Estimates for the second unmonitored inlet pipe outflow were
calculated based on an impervious surface coverage coefficient (0.3), total estimated
surface area of the residential region, recorded precipitation measurements from the
rain gauge and free water surface evaporation estimates derived from a pond surface
area and average rates for the area (NOAA 1982). Likely the largest source of residual
inflow to the ponds is from groundwater that enters the ponds through subsurface flow.
The water table is high surrounding the ponds and even several days after a
precipitation event the grounds surrounding the ponds continue to be highly saturated.
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Combined, the additional inlet and groundwater sources contributed to the higher
levels of outflow at the ponds (Fig. 6).
In 1999, a geotechnical investigation was conducted at the Utah Botanical Center
that involved a stormwater and water quality update of information that was initially
collected in 1988 for the detention ponds found on the UBC property. The authors of
the report estimated that groundwater (baseflow) contributed to 95.15% of the annual
water budget for the ponds. This differs from data gathered at the inlet monitoring
station over the 2008 and 2009 year: measures at the inlet indicated that baseflow
contributed to 64% of the flow entering the ponds. These differences in flows may be
due to different estimation techniques. Estimates from the geotechnical investigations
did not rely on long-term monitoring but used point measurements of flow to guide
their groundwater estimates. The geotechnical report also estimated that “land drain
and spring(s)” contributed to 1.78% of the water budget (Sargent Engineers 1999).
Calculations for the yearlong monitoring that was performed from June 20, 2008, to July
29, 2009 at the UBC, illustrated that springs and groundwater seepage into the ponds
accounted for 36% of the overall annual flow (Table 2).
Daily flows throughout the year (Fig. 6) illustrate that irrigation practices are a
major source of non-stormflow that enter the UBC ponds. The gradual increase of nonstormflow that occurred in the summer to fall months is likely due to an increase
irrigation practices that took place in the watershed. A notable increase in nonstormflow that occurs at the end of June 2008 (after a dry month), also supports the
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Table 2 Summary of annual flow: June 20, 2008 to July 29, 2009

Monitored inlet
Direct precipitation
Second inlet
Free water surface evaporation
Outlet
Residual

Liters
812,121,543
33,817,815
40,394,050
72,282,040
1,275,860,243
461,808,876

Percentage Distribution
64%
3%
3%
-6%
Total
36%
100%

conclusion that irrigation is contributing to non-stormflow in the ponds. The diurnal
trend that frequently appeared in inflow measurements between the months of June
and October also support the conclusion that irrigation is a major contributor to nonstormflow for the UBC ponds.
The peaks and dips in the daily flow and temperature (Fig. 7) throughout the
days of the week is most likely a result of property owners watering their lawns in the
evening. Assuming there is a latency period between the time that watering takes place
and the time it takes for the surface flows to reach the UBC ponds, irrigators may be
watering in the evening and the resulting flows arrive at the inlet station in the late
evening and early morning. Additionally, the diurnal trend in Figure 7 shows that within
a week, the water that is reaching the inlet monitoring station gradually increases in
overall temperature by roughly 3° Fahrenheit. Surface flows from irrigation entering the
stormwater system would likely undergo such a rapid change in temperature over time
whereas groundwater flows likely would not.
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Water Quality
Total Nitrogen
Total Nitrogen (TN) concentrations varied through the year with a peak in July
and the lowest concentration recorded in November (Fig. 8), although no trend was
evident. The geometric mean of TN concentrations at the inlet was 2.52 mg L-1 (Table 3).
Like TN concentrations, TN loads at the inlet did not appear follow a trend (Fig. 9). The
total export (annualized) for the watershed was 7.24 kg ha-1 yr-1 (Table 4). The export
found for the Kaysville watershed is less than the mean export rate (9.6 kg ha-1 yr-1) for
medium density urban areas in the United States (US EPA 1983).
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Fig. 8. Weekly TN concentrations at the inlet.
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Fig. 9. Total nitrogen loads at the UBC pond inlet.
Table 3 Geometric mean (± standard deviation) concentrations for water quality
measurement
Parameter

n

Inlet

Outlet

mg L

-1

52/49*

0.078 ± 0.049

0.037 ± 0.013

mg L

-1

52

2.52 ± 0.780

n/m

mg L

-1

51

28.0 ± 25.8

n/m

Oil & Grease
mg L
*Inlet/Outlet
n/m = not measured

-1

4

3.6 ± 2.5

n/m

TP
TN
TSS

Unit

Table 4 Pollutant exports (annualized)
Sum TP kg
Sum TN kg
Sum TSS kg

Total (kg)
81.74
1966.19
35159.23

Weeks
52
52
51

-1

-1

Export (kg ha yr )
0.30
7.24
131.94
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Total Phosphorus
Total Phosphorus (TP) concentrations were generally lower at the inlet than at
the outlet (Table 3). Figure 10 illustrates weekly concentrations at the inlet monitoring
station throughout the study period. The geometric mean of TP concentrations at the
inlet was 0.077 mg L-1 and the geometric mean TP concentration at the outlet was 0.037
mg L-1 (Table 3). These values are lower than the median concentration of 0.26 mg L-1
found for urban areas across the United States (Smullen et al. 1999). The calculated TP
export was 0.30 kg ha-1 yr-1 (Table 4). Once again, the Kaysville nutrient load is lower
than the median TP export of 1.48 kg ha-1 yr-1 reported for medium density urban areas
across the United States (US EPA 1983). Inlet and outlet TP loads for the UBC ponds are
illustrated in Figure 11.
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Fig. 10. Weekly total phosphorus concentrations at the inlet.
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Fig. 11. Weekly total phosphorus loads at the inlet and outlet

A paired sample t-test analysis indicated that outlet TP concentrations were
significantly (p < 0.001) lower than inlet TP concentrations (Fig. 12). Loads were also
compared analyzed using a paired sample t-test and again TP outlet loads were found to
be significantly (p < 0.01) lower than inlet TP loads (Fig. 13). This finding shows that the
ponds were effective in decreasing TP levels. The likely mechanism for this reduction
was settling of particulate phosphorus and soil to which the phosphorus binds.
Total Suspended Solids
The geometric mean of TSS concentrations at the inlet was 36.53 mg L-1 (Table
3). As with the concentrations of TP and TN that were found, TSS concentrations (Table
3) are less than the median concentration (54.5 mg L-1) reported for urban areas in the
United States (Smullen et al. 1999). No trend was evident over the period of the study
(Fig. 14). Total TSS export for the study period was 129.34 kg ha-1 yr-1 (Table 4).
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Fig. 12. Box-plot of total phosphorus concentrations at the inlet and outlet.
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Fig. 13. Box-plot of total phosphorus loads at inlet and outlet.
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Fig. 14. Total suspended solid loads at the UBC pond inlet.
Although total phosphorus and total nitrogen were collected, linear regressions
were used to determine if there was a significant relationship between the inflow
concentrations of TSS and TP/TN to give some indication of whether nitrogen
and phosphorus pollutants are entering the UBC ponds in the form of particulate
matter. Concentration levels were used in this analysis rather than loads as the flow for
all pollutants are the same at the inlet. No significant relationship was found between
TSS and TN. A significant relationship was found between TP and TSS did possess a
(p < 0.001); see Figure 15.
Therefore, 56% of the variance in the TP concentrations is explained by TSS
concentrations. Although further investigation into this relationship is necessary to
make a justifiable conclusion of the source of phosphorus, this finding could indicate
that particulate phosphorus may be entering the ponds in the form of clay, detritus, or

39
0.4

y = 0.001x + 0.046
R² = 0.56

0.35

TP (mg L -1)

0.3
0.25
0.2
0.15
0.1
0.05
0
0.0

50.0

100.0

150.0

200.0

250.0

TSS (mg L-1)

Fig. 15. Linear regression: total phosphorus and total suspended solids.
sediments. A typical control measure employed to reduce this load is street sweeping
(Carlson & Lee 2010).
Weekly precipitation was compared with TP, TN and TSS loads in order to find
out whether incoming pollutant loads were correlated with rainfall over time (Figs. 16,
17 and 18). Significant correlations were found for all pollutants (p < 0.0001).
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Fig. 16. Linear regression: weekly total phosphorus and weekly precipitation data.
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Fig. 18. Linear regression: weekly total suspended solids and weekly precipitation data.
From the regression analyses, roughly 40.5% of the pollutant loading variance is
explained by precipitation. This finding is consistent with earlier baseflow calculations,
showing that 47% of inflow to the ponds was due to precipitation events; it appears that
pollutant loading is roughly evenly split between stormflow and baseflow contributions.
Oil and Grease
Oil and grease samples were collected on four occasions at the inlet (Table 3).
One instance was during an extreme precipitation event. All oil and grease sample
values were under the 10 mg/L state limit for channel outfall (Utah Department of
Environmental Quality 2010). Because oil and grease values were consistently under the
state limit, sampling was discontinued.
Although the weekly data collection limited the ability to isolate individual
precipitation events and the subsequent water quality for a specific day, there are times
when phosphorus loads peak at the inlet (Fig. 11) when no precipitation occurs.
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Phosphorus loads that increase during a period of non-stormflow may be due to
irrigation surface water flows that gather dust and debris and carry them to the pond
inlet. There were several instances in the data where phosphorus loads would peak in
the summer months when precipitation was not occurring. Another possibility that may
be contributing degraded water quality in non-stormflow is that there may be improper
fertilizer applications that leave nitrogen and phosphorus rich fertilizer on impervious
surfaces around turfgrass areas, which would lead to TP spikes during non-storm related
flows.
Both stormflow and non-stormflow appear to be contributing to the incoming
phosphorus that is the cause of the UBC ponds’ algal blooms. All pollutants were
significantly correlated with weekly rainfall events. Further investigation into the
composition of phosphorus and nitrogen would help in identifying the specific source of
these pollutants. An upstream effort to minimize erosion and sediment displacement
could also be undertaken while continuing to monitor the inlet, to discover whether a
reduction in TSS results in an overall reduction of TP.
Survey
A summary of the percentage distribution for each survey question can be found
in Appendix C. From 1200 mail surveys, 264 were returned. One of the surveys was
invalid, resulting in a 22% response rate.
The majority of survey respondents (57.5%) were male, and 42.5% were female
(Table 5). Most of the respondents (25.3%) were between 45 and 54 years old. The vast
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majority of those surveyed were of Caucasian/non-Hispanic origin (97.3%). No surveys
were returned from African American or Pacific Island ethnicities. Approximately 38% of
respondents had completed a 4-year college degree, and 5% of respondents reported
that their highest attainment of education was trade/vocational school
(Table 5).
The only group that appeared to be fairly represented in Kaysville City, based the
stormwater survey findings and the census data, is the Caucasian population. Males
were slightly overrepresented in the stormwater survey. In the stormwater survey, the
largest age group that responded was between the age of 45 and 54 years old (25.3%)
and the census data claimed that the largest age group in Kaysville City is between the
age of 35-44 years (15.3%). Four-year college degree education attainment (bachelor’s
degree) was overrepresented for the stormwater survey (38.3 % ) compared to the
census by nearly 10%. The group that was best represented in the stormwater survey
were individuals from the sample who had completed some college (25.7%) as 24.7%
reported completed partial college in the census survey. Both data indicate a general
agreement between the two populations.
Almost all respondents (98.1%) believe that their actions have an impact on the
quality of water resources in their area and 34.6% reported using their local water
resources recreationally (Table 6). Despite previous educational efforts in Kaysville City,
the majority of respondents (86%) stated that they did not receive any educational
materials regarding stormwater (Table 6).
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Table 5 Demographic distribution of respondents in watershed

Lawn Care Practices
Nearly all respondents had a grass lawn that they mowed, and 92.3% of
respondents claimed that they fertilized their lawn (Table 6). A little over half of the
respondents (59.4%) applied pesticides to their lawn. Residents were asked who was
responsible for managing their lawn (Myself / my family, Non-professional paid help,
Professional lawn care service and/or Other). Respondents were permitted to choose
more than one of the four above options since lawn management responsibilities may
be shared by more than one party within a household. Looking at the Myself/family
category, 92.3% of the respondents claimed that they or their family managed their
yard. Next, 15.8% of the surveyed group used a Professional lawn care service and
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Table 6 Responses to selected survey questions

5% of respondents hired Non-professional paid help. Finally, the Other category did not
yield any responses.
It was of interest to the researchers to know where residents dispose of
materials that are associated with their yard. Once again, knowing how yard
substance/materials are handled can lead to information about what potentially goes
into the stormwater system of an area. In the survey, residents were asked what they
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did with their lawn mower clippings. Again, the individuals could offer more than one
provided response to this question (Fig. 19).
In North Carolina, of the 96.1% of respondents who had a grass lawn that they
mowed, 53.7% of the “mowers” left the grass clippings in their yard, 26.1% collected
them and put them in the garbage, and a small percentage of respondents (1.5%) raked
or blew them into a drain (Bartlett 2005).
Most respondents did not own pets; 84.3% of the sample did not own cats and
65.5% did not any dogs. From the surveyed respondents who have dogs, 82.9% have
one dog, 14.8% have two dogs, and for those who had three and four dogs a value of
1.15% was calculated. Of the respondents who had cats, 75.2% have only one cat, 19.7%
have two cats, and a value 2.55% represents those respondents who have three and five
cats.
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A large portion (71.2%) of those who owned a cat or dog (regardless of number)
indicated that they dispose of their pet wastes by throwing it out with the trash. The
next most popular method of disposal (18%) was to leave the waste to decompose
outdoors. The least popular means of disposing of waste were to either compost the
waste (4.5%), handle the waste indoors (3.6%) or dispose of it by other means (2.7%). Of
the 53% of respondents in Summit County, UT survey who owned a dog, over half (52%)
disposed of the dog waste by putting in the trash, 12% reported burying the dog waste
and 0% of respondents washed the dog waste away with a hose (Dan Jones & Associates
2006). In North Carolina, the majority of urban and suburban dwelling respondents
Rarely or Never disposed of their pets’ waste (47% and 49%, respectively) (Bartlett
2005). Interestingly, of the sampled population in North Carolina, the youngest (18-24
years old) and oldest (65 years and older) were the most likely groups to Always or
Often pick up their pet’s waste (Bartlett 2005).
The respondents who indicated that they had downspouts attached to their
home were asked, “Where do your downspouts drain to?” and the vast majority (90.7%)
of respondents indicated that their downspouts drained to their lawn or garden
(Fig. 20). Downspouts of 18.5% of the respondents drain to the driveway or sidewalk.
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Fig. 20. Location where respondents downspouts drain.
In the study area, 40.6% of residents claimed they use pesticides on their lawn.
In Oregon, 26% of streamside respondents and 30% of the randomly selected
respondent group claimed that they Never used pesticides on their lawns (Riley
Research Associates 2002).
When deciding how much fertilizer to apply to their grass lawns, respondents in
the Kaysville watershed had a variety of responses from which to choose. Once again,
answers from this question of the survey were not mutually exclusive (Fig. 21). Of the
residents who fertilized, 40% relied on a professional lawn care service to apply
fertilizer. Using a soil test before applying fertilizer was the least popular response: only
0.5% of residents made use of this method. In the North Carolina study, soil testing is
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Fig. 21. Method respondents use to decide how much fertilizer to apply.
practiced much more. Of the 49% of respondents who fertilized their lawn, 44% of
respondents reported using a soil test (Bartlett 2005).
A large percentage of the sample population in Kaysville (97.2%) applies fertilizer
to their lawns at least some point throughout the year.
In the spring, 1.7% of individuals from the survey do not fertilize their lawn at all.
The percentage of these individuals that fertilize once a year was found to be 80.3%
resulting in the most popular trend (Table 7). During the summer months, 29.5% do not
fertilize. For those who fertilized once in the summer time, a value of 45.2% represented
the majority case. Following, 20.7% of the surveyed individuals fertilized twice. The
summer appears to be the season when the most applications by a household are
undertaken (Table 7).
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Table 7 Percentage distribution of fertilizer applications per season
Season
Spring
0
1
2
3
Summer
0
1
2
3
4
Fall
0
1
2
3
Winter
0
1
2

Percentage of those who fertilize
1.7
80.3
17.6
0.4
29.5
45.2
20.7
3.7
0.8
18.3
69.7
11.2
0.8
84.2
14.6
1.3

The most popular response from the participants from the Tualatin watershed
survey in Oregon was that they Never applied fertilizer; 31% for streamside residents
and 34% for the randomly selected sample of the watershed (Riley Research Associates
2002). In the North Carolina survey, most respondents fertilized their lawns once a year
or less (46.1%). Another large portion of the respondents fertilized two or three time a
year (46.4%). A relatively smaller portion of respondents (5.8%) claimed to fertilize their
lawns on a monthly basis (Bartlett 2005).
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Vehicle Maintenance Practices
When asked about behaviors involving at home vehicle washing, 55.2% of the
sample stated that they personally wash their vehicles and 80.4% of these respondents
tended to wash their vehicles on their driveways. Next, 18.9% washed their cars on
their lawns, with 0.7% of respondents reported that they to wash their cars in the
streets. The Oregon study had lower overall driveway/street washing frequencies for
both the streamside and random respondents in comparison to the Kaysville
respondents. At minimum of at least 36% of respondents from both sample population
in the Oregon study reported Never washing their vehicles in their driveway or street,
and 16% and 20% of streamside and randomly selected respondents respectively
washed vehicles once per month (Riley Research Associates 2002). Of the 40.1% of
residents who wash their car at home in the North Carolina study, 56.8% noticed that
their soapy water flow from car washing drained into the street or driveway (Bartlett
2005).
Of the Kaysville study respondents who do change their own oil (24.1%), the
majority of the respondents claim to recycle their oil at a designated facility (95.5%). A
minor portion of the sample (1.5%) pours their used oil on a designated lawn area,
throws it in the trash or disposes of the oil by other means. Important to note is the fact
that none of the respondents answered that they pour their oil in the storm drains.
These findings are consistent with the oil and grease samples collected at the inlet of
the ponds; residents are properly disposing of their vehicle’s used oil. In the Summit
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County, UT study, 25% of residents changed their own oil and 69% of these individuals
reported that they brought their used oil to a designated disposal facility (Dan Jones &
Associates 2006). Of the North Carolina sample, 16.7% of respondents personally
changed their vehicle’s oil. Slightly over 20% of residents made use of their designated
disposal facility for the used oil and 20.6% of the respondents actually dumped their
used oil directly down the storm drain (Bartlett 2005). A large majority of the Summit
County, UT respondents who changed their own oil in their car or RV (13% and 26%
respectively) claimed to bring their oil to a designated or professional facility (84%).
When dealing with oil spills at home, most respondents reported wiping the oil up with
a rag or towel (14%), and 2% used detergents to clean the oil spill (Dan Jones &
Associates 2006).
Resident Outlook
Using a 5-item Likert scale (Poor-Excellent) in question one of the survey,
respondents were asked to indicate what they thought of the water quality of the
streams, rivers, or lakes in their area, based on the current knowledge (Fig. 22). The
mean response to this question was that the perception of water quality in their area
was Good (also the computed mode). None of the respondents indicated that the
quality of the water resources were in Poor condition. Respondents from the Oregon
study similarly took the middle ground when rating the water quality in their area on a
scale of one to ten; the pre-qualified streamside sample’s mean response was 5.7 and
the random sample averaged a near 5.8 on the water quality scale (Riley Research &
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Fig. 22. Respondents' perception of local water quality.
Associates 2002). Similarly, the majority of respondents in the North Carolina survey
rated the overall water quality in their area as Good (42.4%) and Fair (39.4%) on a four
item scale (Bartlett 2005).
In survey question four, participants were asked to specify their level of
agreement with nine related statements concerning sources of water pollution on a 5item Likert scale from 1-5 with Strongly Disagree represented by “1” and Strongly Agree
represented by “5.” The results indicate a general agreement with the statements
provided in the survey (Fig. 23). The mode for every pollutant type listed in question
four was Agree.
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Trash from People
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Fig. 23. How much respondents believe that items are a source of water pollution.
The North Carolina study had a comparable question and similar results from its
survey. Participants in North Carolina believed that wastewater from manufacturing
plants was the leading source of pollution (30.9%), among seven other sources listed on
the survey. Participants thought that trash dumped into lakes and rivers was the second
highest contributing source of water pollution in their area (24.4%). Unlike the Kaysville
survey, rainfall runoff from yards, parking lots and streets were not seen as high
contributors to water pollution (4.5%) nor was construction site dirt erosion (3.3%)
(Bartlett 2005). The Summit County, Utah residents that responded to the study
believed that the largest contributors to water pollution in their local streams were
Residents (33%), mining (21%) and construction (15%). None of the respondents ranked
Mountain Resorts as the largest contributor to pollution in local streams (Dan Jones &
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Associates 2006). It is worth noting that a substantial portion of this sample population
(60%) did not know or believed that stormwater went to the treatment plant (Dan Jones
& Associates 2006) and in the North Carolina sample population 28.8% of respondents
thought that stormwater either went to a regular sewer treatment plant or a separate
special sewer treatment plant (Bartlett 2005).
Crosstabulations between question five (whether or not individuals received
supplementary stormwater education materials) and several other behavior-related
questions from the survey were performed to determine if there was a relationship
between receiving educational materials and subsequent household behaviors. All
calculation tables for the associations can be found in Appendix D. Most questions from
the survey were coded to produce a 2x2 contingency table to perform a Fisher’s Exact
test.
No significant associations were found between receiving education and any of
the behaviors surveyed. In other words, receiving educational materials did not seem to
impact engagement in surveyed behaviors such as fertilization practices, pet waste
management, or car washing.
Also important to include in the analysis is a measure of the extent to which
respondents (based on previous stormwater education - or lack thereof), thought that
certain items listed in survey question four were a source of water pollution. A
knowledgeable participant would “strongly agree” that rainfall runoff from farm fields
and rainfall runoff from parking lots and streets (items 4e. and 4h. on the survey) are
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major sources of water pollution. Results from the Mann-Whitney U test indicated that
there was no significant difference in distribution between the either “educated” or
“non-educated” group in terms of their level of agreement (strongly agree –strongly
disagree) that certain runoff types were a source of water pollution.
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CONCLUSION

Total phosphorus and total nitrogen loads were consistently less than the
medians for their respective loads for urban areas across the United States (Smullen et
al. 1999). However, nutrient loads were still large enough to cause nuisance algal
blooms at the UBC ponds. Identifying the primary source of phosphorus in the Kaysville
watershed would be helpful in minimizing the algal blooms in the UBC ponds. The
majority of inflow at the UBC ponds (53%) comes from non-stormflow. With only 47% of
the inflow coming from local runoff, effectiveness of educational efforts to reduce
stormwater pollution may be masked by non-stormflow contributions. Nonetheless, a
more comprehensive approach to improving water quality in the watershed would
provide assurance that both stormflow and non-stormflow quality would be improved
while satisfying the EPA’s stormwater program requirements. An encouraging survey
finding indicated that 98.1% of respondents believed that individual residents had an
impact (negative or positive) on the quality of water resources in their area. Because
residents feel that they influence the quality of their local water resources, they may
also believe that involving themselves in public efforts to reduce pollutants in the
watershed would be an effective way to improve local water quality.
The formation of an advisory committee, which would include interest groups
from around Kaysville City, would help reveal some of the concerns and provide
valuable input from different parties in the area. The optimal size for this committee
would be no more than 15 people (Thomas 1995). Representatives of this committee
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could be comprised of residents of Kaysville City, the Kaysville City stormwater manager,
engineers, planning experts, environmental educators, school janitors, municipal park
managers, business owners, homeowner’s association representatives, farmers, and
area teachers. The need to target opinion leaders for each interest group can be an
effective way to communicate new education and management endeavors to the
broader community. Opinion leaders tend to have many social networks; acceptance of
innovative ideas by the opinion leader will create a social model that others can observe
and imitate (Rogers 2003).
Along with the creation of an advisory committee, focus groups, interviews
and/or a citywide survey would be useful to identify irrigation practices and irrigation
types (automated or manual) that have been adopted by residents. Since a considerable
portion of the Kaysville City watershed includes parks, churches, farms, orchards, and
school properties, irrigation and fertilization practices of business owners and public
land managers should also be investigated. Larger properties may be a greater
ecological threat to local water bodies than the residential aggregates when considering
nutrient loads. Future research into the practices of professional lawn services in the
Kaysville watershed may be worth conducting. Slightly less than half of the respondents
who fertilize their lawn (40%) use a professional lawn service to fertilize, however, other
land-use types (golf courses, school zones, churches) may rely heavily on professionals
to manage their turfgrass. Ideally, lawn service technicians would use soil tests to gauge
the appropriate amount of fertilizer needed for turfgrasses. As discussed earlier, there is
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an additional need to promote, the use of soil tests for residents in the Kaysville
watershed, as only a small percentage (0.5%) of respondents from the survey who
fertilize their lawns claimed to use this tool. Additionally, it is important to determine
where and how Kaysville City residents receive their water quality information.
The insight gained from gathering data from different types of land managers
would also help to guide the advisory committee’s goals, guidelines and desired
outcomes. Research of past successful stormwater education and outreach programs
(Neiswender & Shepard 2010) suggests seven strategies that a committee could take on:


Going beyond awareness – using outcome-based education principles



Audience targeting – particularly decision-makers



Partnering educators with technical experts



Incorporating stormwater into other natural resource and land use
planning efforts



Using public participation effectively



Coordination of multi-jurisdictional efforts to effectively use education
dollars



Evaluation strategies

Non-stormflow strategies could also follow the above guidelines while keeping
the goals of the outreach and education in context. Irrigation was found to be
contributing a sizeable amount of surface waters entering the ponds at the inlet,
therefore a greater understanding of irrigation practices help provide education on
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proper irrigation and fertilization techniques. Helping individuals understand how their
actions can be related to pollutant loading in downstream water bodies, will foster
understanding and will help individuals build conceptual connections between
landscape management and their local ecosystems that will help them discover how
landscape management practices are ecologically related. The survey from the Kaysville
City study demonstrated that despite poor water quality (in the form of algal blooms) in
residents’ surroundings, they felt that overall the quality of the water in their local area
was good. The idea of teaching individuals about environmental reciprocities coincides
with one of Hungerford and Volk’s (1990) educational principles for teaching proenvironmental behavior: “teach environmentally significant ecological concepts and the
environmental interrelationships that exist within and between concepts.”
After the Kaysville City advisory committee has determined their target audience
- which under a comprehensive plan should include a spectrum of land manager types
and can be loosely guided by demographical statistics for Kaysville City - and a timeline
for proposed objectives, the next step would be for the committee to determine what
evaluative tools can be used to monitor the success of outreach and education efforts. A
good example of an in-depth evaluative strategy used specifically for urban stormwater
quality can be found at the Cooperative Research Centre for Catchment Hydrology
(CRCCH) website (www.catchment.crc.org.au). Again, although stormwater quality
should not be a specific focus of the Kaysville City Advisory Committee, the guidelines
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from the CRCCH’s evaluative approach can be modified to fit the Kaysville City water
quality goals. Seven styles of evaluation have been presented (Taylor & Fletcher 2007):
1. Implementation of the measure
2. Changes in people’s awareness and/or knowledge
3. Changes in people’s attitude (self-reported)
4. Changes in people’s behavior (self-reported)
5. Changes in people’s behavior (actual)
6. Changes in stormwater quality
7. Changes in the health of the water bodies
Simultaneously, the advisory committee should work to create, package and
distribute a crafted message (Getting in Step 2003). Again, focus groups could be used
to test messages for the Kaysville City community. One example of a general message
that could reach a broad and diverse type of land managers could be “Protect our
Waters - Practice Responsible Landscaping.” This message can be delivered in many
ways in and around the Kaysville City watershed. This can be done using many types of
mediums, such as radio and television public service announcements, flyers, billboards,
messages on landscaping products and receipts at home garden centers, or water
quality workshops. The avenues which the advisory committee uses should be based on
survey information that has asked community members about what they feel would be
an effective medium and what they remember from past educational messages.
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Another method worth mentioning that could be applied in conjunction with the
advisory committee’s plan would be to focus on structural modifications that can be
made in the Kaysville watershed to help alleviate the effects of polluted runoff. Survey
findings revealed that regardless of prior stormwater-related education materials,
90.7% of respondents who possessed downspouts had them draining to their lawn or
garden. This finding indicates that structural modifications could be an accepted
stormwater management technique for residents in the Kaysville watershed regardless
of education. Extending these modifications to other sites within the watershed, such as
parks and churches, has been investigated (Dietz 2009). Structural modifications at
these target sites could potentially have a larger impact on stormflow pollutant loading
than the installation of structural modifications exclusively on residential household
properties.
Finally, the semi-arid nature of the study area should also be considered when
planning implementing education and outreach. Precipitation averages are lower in
Utah than in other parts of the country and any education effort, elective or mandatory,
should consider the ecological characteristics that may limit or alter the effectiveness of
water quality related education efforts.
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Land-use Classifications
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Developed, Open Space - Includes areas with a mixture of some constructed materials,
but mostly vegetation in the form of lawn grasses. Impervious surfaces account for less
than 20 percent of total cover. These areas most commonly include large-lot singlefamily housing units, parks, golf courses, and vegetation planted in developed settings
for recreation, erosion control, or aesthetic purposes
Developed, Low Intensity - Includes areas with a mixture of constructed materials and
vegetation. Impervious surfaces account for 20-49 percent of total cover. These areas
most commonly include single-family housing units.
Developed, Medium Intensity - Includes areas with a mixture of constructed materials
and vegetation. Impervious surfaces account for 50-79 percent of the total cover. These
areas most commonly include single-family housing units.
Developed, High Intensity - Includes highly developed areas where people reside or
work in high numbers. Examples include apartment complexes, row houses and
commercial/industrial. Impervious surfaces account for 80 to100 percent of the total
cover.
Pasture/Hay - Areas of grasses, legumes, or grass-legume mixtures planted for livestock
grazing or the production of seed or hay crops, typically on a perennial cycle.
Pasture/hay vegetation accounts for greater than 20 percent of total vegetation.
Cultivated Crops - Areas used for the production of annual crops, such as corn,
soybeans, vegetables, tobacco, and cotton, and also perennial woody crops such as
orchards and vineyards. Crop vegetation accounts for greater than 20 percent of total
vegetation. This class also includes all land being actively tilled.
(USGS 2008)
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Resident Survey
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Water Resources & Lawn Care Survey
Based on your current knowledge, what do you think is the quality of the streams,
rivers, or lakes in your area?
Very
good
O

Poor
Fair
Good
Excellent
Do you use
the water
O
O
O
O
resources
(lakes,
ponds, rivers) in your local area (within 10 minutes of your home) for recreation?
YES O NO O
Do you believe that individual residents can have an impact, either positively or
negatively, on the quality of the water resources in the area?
YES O NO O
Using the scale provided, please mark the circle below to indicate how much you agree
that each of the following items is a source of water pollution:

Wastewater from
manufacturing plants
Wastewater from
sewage treatment
plants
Pollutants in rain
Rainfall runoff from
yards
Rainfall runoff from
farm fields
Dirt eroding from
construction sites
Trash discarded by
people
Rainfall runoff from
parking lots and streets

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O
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Irrigation runoff from
yards

O

O

O

O

O

Have you received any other educational materials regarding stormwater in your city?
YES O NO O
Do you have a grass lawn that you mow?
YES O NO O (If NO, go to question 12)
Who takes care of your yard? (check all that apply)
Myself/family
O Non-professional paid help (e.g., high school student)
Professional lawn care service
Other (please specify)________________________________________

When your lawn gets cut, what happens to the clippings (check all that apply)?
They are left on the lawn
O They are mulched with a mower
They are piled on my property
O They are added to a compost pile
They are used as mulch in the garden
They are put in the trash
O They are collected by the city
Other (please specify)____________________________________________________

Do you fertilize your lawn?
YES O NO O (If no, go to question 12)
How do you decide how much fertilizer to use?
Professional service takes care of fertilizing
I use the recommendations from a soil test
I use a calibrated spreader
I follow the instructions on the bag
I know how much to use based on past experience

How many times each season do you fertilize your lawn?
Spring (March-May)
________________ times
Summer (June-August) ________________ times
Fall (Sept.-Nov.)
________________ times
Winter (Dec.-Feb.)
________________ times
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Do you use pesticides on your lawn?
YES O NO O
How many/what type of pets do you have that go outside?

If you have pets, how do dispose of pet waste?
Waste is handled inside
O Waste is left to decompose outside
Waste is composted O Waste is picked up and thrown out with trash
Other (please specify) ________________________________________

How often do you wash your car at home?___________________________
If you wash your car at home, where do you wash it?
O On the lawn
O On the driveway
O In the street
Do you change your own oil in your vehicle?
YES O NO O (If NO, please go to question 18)
When you change your oil at home, how do you dispose of the used oil?
O In a designated lawn area
O With garbage in the trash
O Pour down storm drain
O Recycle it at a designated facility
O Other (please specify)_______________________________________
Do you have gutters with downspouts?
YES O NO O (If NO, please go to question 20)
Where do your gutter downspouts drain to (check all that apply)?
O Lawn/garden
O Driveway/sidewalk
O They go into a pipe underground
O Other (pleasespecify)_______________________________________
Please indicate your gender:
Male
O Female
Please mark the circle that best describes your age:
Under 18
O 25-34
O 45-54
18-24
O 35-44
O 55-64

O 65-74
O Over 75
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Please indicate the ethnicity that best describes you:
Caucasian/non-Hispanic
O Hispanic/Latino
Pacific Island
O Native American
Other___________________

O African American
O Asian

Please select your highest level of education completed:
O High school
O College/4 year degree
O Trade/vocational certification
O Graduate school
O Some college/2 year degree

Thank You for Your Participation!!
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Appendix C.
Frequency Distributions
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QUESTIONS (n)
Q1. Based on your current knowledge, what do you
think is the water quality of the streams, rivers, or
lakes in your area? (254)
Q2. Do you use the water resources in your local area
for recreation? (260)
Q3. Do you believe that individual residents can have
an impact either positively or negatively, on the
quality of the water resources in the area? (262)
Q4. Please indicate how much you agree that each of
the following is a source of water pollution:
- 4a. Wastewater from manufacturing plants (262)
- 4b. Wastewater from sewage treatment plants
(260)
- 4c. Pollutants in rain (255)
- 4d. Rainfall runoff from yards (260)
- 4e. Rainfall runoff from farm fields (259)
- 4f. Dirt eroding from construction sites (261)
- 4g. Trash discarded by people (261)
- 4h. Rainfall runoff from parking lots and streets
(262)
- 4i. Irrigation runoff from yards (262)
Q5. Have you received any other educational
materials regarding stormwater in your city? (257)
Q6. Do you have a grass lawn that you mow? (262)
Q7. Who takes care of your yard?

Q8. When your lawn is cut, what happens to the
clippings? (264)

Q9. Do you fertilize your lawn? (259)
Q10. How do you decide how much fertilizer to use?
(205)

VALID PERCENTAGE DISTRIBUTION (%)
Poor (0), Fair (18.1), Good (55.5), Very Good
(24.8) and Excellent (1.6)
Yes (34.6), No (65.4)
Yes (98.1), No (1.9)

Strongly Disagree (1.9), Disagree (4.6), Neutral
(9.8), Agree (46.9) and Strongly Agree (36.6)
Strongly Disagree (5.0), Disagree (18.1), Neutral
(28.8), Agree (31.5) and Strongly Agree (16.5)
Strongly Disagree (2.4), Disagree (17.6), Neutral
(22.7), Agree (47.5) and Strongly Agree (9.8)
Strongly Disagree (0.8), Disagree (18.8), Neutral
(24.6), Agree (46.2) and Strongly Agree (9.6)
Strongly Disagree (0.8), Disagree (12.7), Neutral
(24.7), Agree (48.6) and Strongly Agree (13.1)
Strongly Disagree (2.3), Disagree (8.8), Neutral
(24.9), Agree (51.3) and Strongly Agree (12.6)
Strongly Disagree (1.1), Disagree (0.8), Neutral
(3.8), Agree (50.2) and Strongly Agree (44.1)
Strongly Disagree (0.8), Disagree (5.7), Neutral
(19.8), Agree (56.5) and Strongly Agree (17.2)
Strongly Disagree (1.9), Disagree (16.0), Neutral
(29.4), Agree (43.5) and Strongly Agree (9.2)
Yes (86.0), No (14.0)
Yes (98.9), No (1.1)
Self (92.3), and/or Non-professional paid help
(5.0), and/or Professional Service (15.8), and/or
Other (0)
Left on lawn (33.6) and/or, Mulched in a mower
(42.1) and/or, Piled on property (3.5) and/or,
Added to compost pile (6.9) and/or, Used as
mulch in the garden (32.0) and/or, Put in the
trash (45.2) and/or, Collected by city (8.9)
and/or, Other (4.4)
Yes (92.7) and No (7.3)
Professional service (40.0) and/or, Soil test (0.5)
and/or, Calibrated spreader (12.7) and/or Bag
instructions (35.6) and/or, Based on past
experience (11.2)
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Q11. How many times each season do you fertilize
your lawn?
- Spring (239)

- Summer (241)
- Fall (241)
- Winter (240)
Q12. Do you use pesticides on your lawn? (251)
Q13. How many/what type of pets do you have that
go outside?
- Cat(s) (254)
- Dog(s) (255)
Q14. If you have pets how do you dispose of the
waste? (111)
Q15. How often do you wash your car at home per
year? (252)
Q16. If you wash your car at home, where do you
wash it? (143)
Q17. Do you change your own oil? (261)
Q18. When you change your own oil at home, how do
you dispose of the used oil? (67)
Q19. Do you have gutters with downspouts? (262)
Q20. Where do your gutter downspouts drain to?
(248)
Q21. Please indicate your gender (261)
Q22. Please indicate age range (261)

Q23. Indicate the ethnicity that best describes you
(258)
Q24. Indicate your highest level of education (261)

0 times (1.7), 1 time (80.3), 2 times (17.6), 3
times (0.4)
0 times (29.5), 1 time (45.2), 2 times (20.7), 3
times (3.7), 4 times (0.8)
0 times (18.3), 1 time (69.7), 2 times (11.2), 3
times (0.8)
0 times (84.2), 1 time (14.6), 2 times (1.3)
Yes (40.6), No ( 59.4)

0 cats (84.3), 1 cat (11.8), 2 cats (3.1), 3 cats (0.4)
or 5 cats (0.4)
0 dogs (65.5), 1 dog (28.6), 2 dogs (5.1), 3
dogs(0.4) or 4 dogs (0.4)
Handled inside (3.6), Decomposes outside (18.0),
Composted (4.5), Picked up and trashed (71.2)
or Other (2.7)
0 (44.8), 1 -2 times (21.4), 3-10 times (19.5) or
11-36 times (14.3)
On the lawn (18.9), On the street (0.7), or On the
driveway (80.4)
Yes (24.1), No (75.9)
Designated lawn area (1.5), In the trash (1.5),
Recycle at designated facility (95.5), Pour down
storm drain (0) or, Other (1.5)
Yes (95.0), No (5.0)
Lawn/Garden (90.7) and/or, Driveway/Sidewalk
(18.5) and/or, Underground pipe (14.1) and/or,
Other (2.0)
Male (57.5) or Female (42.5)
Under 18 (0.4), 18-24 (0.4), 25-34 (7.3), 35-44
(15.3), 45-54 (25.3), 55-64 (19.9), 65-74 (18.0)
or, over 75 (13.4)
Caucasian/non-Hispanic (97.3), Hispanic/Latino
(0.4), African American (0), Pacific Island (0),
Native American (1.6), Asian (0.8)
High school (7.3), College/4-year degree (38.3),
Trade/vocational certification (5.0), Graduate
school (23.8) or, Some college/2-year degree
(25.7)
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Appendix D.
Crosstabulations, Chi-Square, Fisher’s Exact,
Mann-Whitney U Tests and t-test Tables
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Crosstabulation: Q5. Have you received any other educational materials concerning stormwater in
your city?
Q9. Do you fertilize your lawn?
Received ed.
Materials?
Fertilize Lawn?

No
Yes
Total

Count
Expected Count
Count
Expected Count
Count

No
17
16.3
201
201.7
218

Yes
2
2.7
34
33.3
36

Total
19
19
235
235
254

Expected Count

218

36

254

Chi-Square Test

Value

df

Asymp. Sig. (2sided)

Pearson Chi-square
Continuity
Correction

0.225

1

0.636

0.017

1

0.895

Likelihood Ratio

0.242

1

0.623

Fisher's Exact Test
Linear-by-linear
Assoc.

0.224

N of Valid Cases

254

1

Exact Sig. (2sided)

Exact Sig. (1sided)

1

0.477

0.636

Crosstabulation: Q5. Have you received any other educational materials concerning stormwater in your
city?
Q10. How do you decide how much fertilizer to use (soil test)?
Received ed.
Materials?
Soil Test?

No
Yes
Total

No

Yes

Total

Count

199

32

231

Expected Count

197.6

33.4

231

Count

2

2

4

Expected Count

3.4

0.6

4

Count

201

34

235

Expected Count

201

34

235
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Chi-Square Test

Value

df

Asymp. Sig. (2sided)

Pearson Chi-square
Continuity
Correction

4.152

1

0.042

1.744

1

0.187

Likelihood Ratio

2.884

1

0.089

Fisher's Exact Test
Linear-by-linear
Assoc.

4.134

N of Valid Cases

235

1

Exact Sig. (2sided)

Exact Sig. (1sided)

0.101

0.101

0.042

Crosstabulation: Q5. Have you received any other educational materials concerning stormwater in your
city?
Q12. Do you use pesticides on your lawn?
Received ed.
Materials?
Use Pesticides?

No

Count
Expected Count

No
127
123.7

Yes

Count
Expected Count

82
85.3

18
14.7

100
100

Total

Count

209

36

245

Expected Count

209

36

245

Chi-Square Test
Pearson Chi-square
Continuity
Correction
Likelihood Ratio
Fisher's Exact Test
Linear-by-linear
Assoc.

Value
1.473

df
1

Asymp. Sig. (2sided)
0.225

1.061
1.453

1
1

0.303
0.228

N of Valid Cases

245

1.467

1

0.226

Yes
18
21.3

Total
145
145

Exact Sig. (2sided)

Exact Sig. (1sided)

0.271

0.152
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Crosstabulation: Q5. Have you received any other educational materials concerning stormwater in your
city?
Q14. If you have pets, how do you dispose of pet waste (decompose)?
Received ed.
Materials?
Decompose?

No

Count
Expected Count

No
76
74.2

Yes
11
12.8

Total
87
87

Yes

Count
Expected Count

17
18.8

5
3.2

22
22

Total

Count

93

16

109

Expected Count

93

16

109

Chi-Square Test

Value

df

Asymp. Sig. (2sided)

Pearson Chi-square
Continuity
Correction

1.426

1

0.232

0.734

1

0.392

Likelihood Ratio

1.302

1

0.254

Fisher's Exact Test
Linear-by-linear
Assoc.

1.413

N of Valid Cases

109

1

0.235

Exact Sig. (2sided)

Exact Sig. (1sided)

0.309

0.192
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Crosstabulation: Q5. Have you received any other educational materials concerning stormwater in your
city?
Q16. If you wash your car at home, where do you wash it (wash on
lawn)?
Received ed.
Materials?
Wash on lawn?

No
Yes
Total

No

Yes

Total

Count

191

34

225

Expected Count

193.5

31.5

225

Count

30

2

32

Expected Count

27.5

4.5

32

Count

221

36

257

Expected Count

221

36

257

Chi-Square Test

Value

df

Asymp. Sig. (2sided)

Pearson Chi-square
Continuity
Correction

1.826

1

0.177

1.165

1

0.281

Likelihood Ratio

2.177

1

0.14

Fisher's Exact Test
Linear-by-linear
Assoc.

1.819

N of Valid Cases

257

1

Exact Sig. (2sided)

Exact Sig. (1sided)

0.274

0.137

0.177

Crosstabulation: Q5. Have you received any other educational materials concerning stormwater in your
city?
Q18. When you change your oil at home, how do you dispose of the used oil (recycle it at a designated
facility)?
Received ed.
Materials?
Recycle?

No

Count
Expected Count

No
164
164.2

Yes
27
26.8

Total
191
191

Yes

Count
Expected Count

57
56.8

9
9.2

66
66

Total

Count

221

36

257

Expected Count

221

36

257
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Chi-Square Test

Value

df

Asymp. Sig. (2sided)

Pearson Chi-square
Continuity
Correction

0.01

1

0.92

0

1

1

Likelihood Ratio

0.01

1

0.919

Fisher's Exact Test
Linear-by-linear
Assoc.

0.01

N of Valid Cases

257

1

Exact Sig. (2sided)

Exact Sig. (1sided)

1

0.551

0.92

Crosstabulation: Q5. Have you received any other educational materials concerning stormwater in your
city?
Q20. Where do your gutter downspouts drain to (driveway/sidewalk)?
Received ed.
Materials?
Driveway/sidewalk?

No

Count
Expected Count

No
173
169.4

Yes

Count
Expected Count

34
37.6

10
6.4

44
44

Total

Count

207

35

242

Expected Count

207

35

242

Chi-Square Test

Value

df

Asymp. Sig. (2sided)

Pearson Chi-square
Continuity
Correction

2.969

1

0.085

2.209

1

0.137

Likelihood Ratio

2.69

1

0.101

Fisher's Exact Test
Linear-by-linear
Assoc.

2.957

N of Valid Cases

242

1

0.086

Yes
25
28.6

Total
198
198

Exact Sig. (2sided)

Exact Sig. (1sided)

0.098

0.073
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Mann-Whitney U
Test
Test
Independent Sample Mann-Whitney U
Test

Asymp. Sig.

Decision

0.975

Retain the null hypothesis

Null Hypothesis: The distribution from “runoff from farm fields as source of water
pollution” is the same across categories of “received ed. materials”
The significance level is 0.05

Mann-Whitney U
Test
Test
Independent Sample Mann-Whitney U
Test

Asymp. Sig.

Decision

0.598

Retain the null hypothesis

Null Hypothesis: The distribution from “runoff from lots and streets as a
source of water pollution” is the same across categories of “received ed. materials”
The significance level is 0.05
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Total Phosphorus Paired T-test (inlet and outlet data)
Pair 1

TPIN
TPOUT

Pair 1 TPIN & TPOUT

Mean
N
0.096744 43
0.042954 43
N
43

Std. Deviation
0.06367144
0.03273192

Correlation
0.245

Sig.
0.113

Paired Differences

Pair 1 TPIN - TPOUT

Std.
Mean
Deviation
0.05379 0.06406

Paired Differences
95% Confidence Interval of the
Difference
Lower
Upper
0.03407
0.0735

t
5.506

Std. Error Mean
0.00976

Sig. (2-tailed)
2.03234E-06

Std. Error Mean
0.0097098
0.0049915

